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We originally proposed and experimentally demonstrated the targeted-light delivery capability of so-called Wave-guided 
Optical Waveguides (WOWs) three years ago. As these WOWs are maneuvered in 3D space, it is important to maintain 
efficient light coupling through their integrated waveguide structures. In this work we demonstrate the use of real-time 
diffractive techniques to create focal spots that can dynamically track and couple to the WOWs during operation in a 
volume. This is done by using a phase-only spatial light modulator to encode the needed diffractive phase patterns to 
generate a plurality of dynamic coupling spots. In addition, we include our proprietary GPC Light Shaper before the 
diffractive setup to efficiently illuminate the rectangular shaped spatial light modulator by a Gaussian laser beam. The 
method is initially tested for a single WOW and we have experimentally demonstrated dynamic tracking and coupling 
for both lateral and axial displacements of the WOWs. The ability to switch from on-demand to continuous addressing 
with efficient illumination leverages our WOWs for potential applications in near-field stimulation and nonlinear optics 
at small scales. 




Trapping and manipulation using light has progressed from a single tightly focused beam on a bead to orchestrated 
movements of multiple objects or even advanced multi-handled micro-tools1,2. Trapped objects are no longer restricted to 
a simple polystyrene bead but now extend to advanced and structured objects that can be readily fabricated using two-
photon fabrication (2PP)3. Using 2PP fabrication allows full 3D flexibility in the design of desired structures so that a 
variety of forms and tasks can be carried out. An example is the optically-actuated surface scanning probe for 
investigating surface topography4. Instead of tightly focused traps, more softly focussed counter-propagating (CP) beams 
can also be used in multi-beam trapping. We have demonstrated this using polystyrene beads5 and also with fabricated 
extended objects that were used for demonstrating real-time optical microassembly6,7. The main advantage of using CP 
beams is the use of low-NA objective lenses to relay the trapping beams to the sample volume. The large working 
distance of low-NA objectives allows the possibility of adding side-view imaging of the sample as we have previously 
integrated on our proprietary Biophotonics Workstation (BWS)8. In our recent work, we have fabricated free-floating 
waveguides that can be real-time optically manipulated in a volume coined Wave-guided Optical Waveguides (WOWs)9. 
The WOWs can serve as structure-mediated tools for redirecting light10 and for accessing targeted light delivery in 
difficult geometries. To allow dynamic coupling of light through the WOWs, we have added a diffractive setup that can 
independently modulate the coupling beams on our BWS11. Here, further improvements have been integrated by adding 
object tracking routines that allow real-time coupling to the WOWs while they are real-time manipulated in a volume. 
This leverages the capabilities of the WOWs for potential applications in near-field photo-stimulation and nonlinear 
optics at small scales. 
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4. CONCLUSIONS 
This work experimentally demonstrate dynamic and reconfigurable coupling of green laser light to so-called Wave-
guided Optical Waveguides (WOWs) by using an advanced real-time object tracking algorithm. The ability to switch 
between on-demand and continuous coupling offers a versatile approach for the WOWs for potential applications in 
near-field photo-stimulation and nonlinear optics at small scales. The addition of a proprietary GPC Light Shaper in the 
SLM-based diffractive setup allows efficient formation of high intensity light spot patterns that are desirable when 
addressing a plurality of real-time manipulated WOWs in a volume. 
ACKNOWLEDGMENTS 
This work is supported by Enhanced Spatial Light Control in Advanced Optical Fibres (e-space), a project financed by 
the Innovation Fund Denmark. We acknowledge the support from Hamamatsu Photonics. 
 
REFERENCES 
[1]  Ashkin, A., “Acceleration and Trapping of Particles by Radiation Pressure,” Phys. Rev. Lett. 24(4), 24–27 
(1970).   
[2]  Glückstad, J., "Optical manipulation: Sculpting the object," Nature Photonics, Vol. 5, 7–8 (2011) 
[3]  Palima, D ., Glückstad, J., “Gearing up for optical microrobotics: micromanipulation and actuation of synthetic 
microstructures by optical forces,” Laser Photon. Rev. 7(4), 478–494 (2013). 
[4]  Phillips, D. B., Gibson, G. M., Bowman, R., Padgett, M. J., Hanna, S., Carberry, D. M., Miles, M. J ., Simpson, 
S. H., “An optically actuated surface scanning probe,” Opt. Express 20(28), 29679–29693 (2012). 
[5]  Rodrigo, P. J., Perch-Nielsen, I. R., Alonzo, C. A ., Glückstad, J., “GPC-based optical micromanipulation in 3D 
real-time using a single spatial light modulator.,” Opt. Express 14(26), 13107–13112 (2006). 
[6]  Rodrigo, P. J., Gammelgaard, L., Bøggild, P., Perch-Nielsen, I ., Glückstad, J., “Actuation of microfabricated 
tools using multiple GPC-based counterpropagating-beam traps,” Opt. Express 13(18), 6899–6904 (2005). 
[7]  Rodrigo, P. J., Kelemen, L., Palima, D., Alonzo, C. A., Ormos, P ., Glückstad, J., “Optical microassembly 
platform for constructing reconfigurable microenvironments for biomedical studies.,” Opt. Express 17(8), 6578–
6583 (2009). 
[8]  Ulriksen, H.-U., Thøgersen, J., Keiding, S., Perch-Nielsen, I. R., Dam, J. S., Palima, D. Z., Stapelfeldt, H ., 
Glückstad, J., “Independent trapping, manipulation and characterization by an all-optical biophotonics 
workstation,” J. Eur. Opt. Soc. Rapid Publ. 3, 08034 (2008). 
[9]  Palima, D., Bañas, A., Vizsnyiczai, G., Kelemen, L., Ormos, P ., Glückstad, J., “Wave-guided optical 
waveguides,” Opt. Express 20(3), 2004–2014 (2012). 
[10]  Glückstad, J., Bañas, A., Aabo, T ., Palima, D., “Structure-mediated micro-to-nano coupling using sculpted light 
and matter,” Proc. SPIE Vol. 8424 8424, D. L. Andrews, J.-M. Nunzi, and A. Ostendorf, Eds. (2012). 
[11]  Villangca, M., Bañas, A., Palima, D ., Glückstad, J., “Dynamic diffraction-limited light-coupling of 3D-
maneuvered wave-guided optical waveguides,” Opt. Express 22(15), 17880–17889 (2014). 
[12]  Glückstad, J ., Palima, D., "Generalized Phase Contrast: Applications in Optics and Photonics," Springer Series 
in Optical Sciences, Vol. 146, 1-311 (2009). 
[13]  Bañas, A., Palima, D., Villangca, M., Aabo, T ., Glückstad, J., “GPC light shaper for speckle-free one-and two-
photon contiguous pattern excitation,” Opt. Express 22(5), 5299–5310 (2014). 
[14]  Bañas, A., Kopylov, O., Villangca, M., Palima, D ., Glückstad, J., “GPC light shaper: static and dynamic 
experimental demonstrations.,” Opt. Express 22(20), 23759–23769 (2014).  
[15]  Glückstad, J., Mogensen, P.,"Reconfigurable ternary-phase array illuminator based on the generalised phase 
contrast method," Opt. Commun. 173, 169-175 (2000). 
[16]  Glückstad, J., "Adaptive array illumination and structured light generated by spatial zero-order self-phase 
modulation in a Kerr medium," Opt. Commun. 120, 194-203 (1995). 
[17]  Kenny, F., Choi, F., Glückstad, J., Booth, M., "Adaptive optimisation of a generalised phase contrast beam 
shaping system," Optics Communications 342, 109–114 (2015). 
 
Proc. of SPIE Vol. 9477  947702-7
Downloaded From: http://proceedings.spiedigitallibrary.org/ on 04/20/2015 Terms of Use: http://spiedl.org/terms
